The first highlight deals with modelling the important aqueous calcium carbonate system. Knowledge of the growth of the polymorphs of calcium carbonate and the equilibria between carbonate ions and protonated forms (hydrogen carbonate and carbonic acid) aids our understanding of the formation of carbonate minerals, biomineralisation (for example mollusc shells) and the formation of scale in hard 20 water areas. Gale et al 1 have developed a new reactive force field which allows them to study this system in microsolvated and bulk water conditions. An interatomic potential approach is used as this enables longer timescales to be covered in molecular dynamics calculations and gives a better description of the interaction of water with the species than standard DFT. As an example of this work, Figure 1 25 shows the interaction of bulk water with the surface of calcite as determined through molecular dynamics. In addition the authors show that metastable carbonic acid diffuses to the surface of the water where the C=O group can occupy a hydrophobic environment. The results also lend validity to models that assume that the carbonate anion is involved in crystal growth even under conditions where it is not the 30 dominant equilibrium species.
Computer screening for potentially useful molecules is well-established in drug research. A second highlight is a paper which applies a screening technique to the design of high performance piezoelectric materials. Armiento et al 2 have written scripts that automate the submission of batches of calculations on perovskites. The 35 results are screened according to the following criteria; 1. The perovskite must be non-metallic and have a sufficiently large band gap to avoid current leakage when a potential is applied. 2. The energy differences between different distortions of the perovskite structure (tetragonal, rhombohedral and rotational) must be small <0.5 eV overall. 
Introduction
As usual there are several special issues of journals relevant to this topic.The methods and in investigating new aspects of their properties. Studies on hydroxides, halides and oxyhalides are included in the same section as oxides. Publications in this area include two interesting studies on oxyhydroxides, MOOH 11, 12 . Much work has been done on F-doping of oxides and now work on N-doped solids is increasing. Some of these are included in the oxides section. 70 Calculations on chalcogenides are becoming more numerous and are also included The number of papers on cuprate superconductors is decreasing but iron-based superconductors remain of interest with the mechanism of superconduction still not entirely understood.
An area still attracting a lot of interest is solids used, or of potential use, in fuel 75 cells. This is an area where theory can play a major role in elucidating diffusion paths and mechanisms. Finally, some examples of solid state calculations applied to problems in biology and geology including the first highlight and two papers on the diffusion of iron in the lower mantle are reported. 80 The total number of papers published is very large and the author apologises to those whose work I has been overlooked.
Methods
There have been a number of papers dealing with ways of improving calculations, new ways of analysing data, comparison of functionals and improved graphical 85 interfaces.
Bridging the gap between atomic scale and macroscale modelling has been an active area of interest over the past few years. Volker et al 13 have suggested a method for linking atomic level calculations to a phase-field model. This model is applied to the feroelectric materials PbTiO 3 and PbZr 0.5 Ti 0.5 O 3 . Another area that has 90 attracted much interest for some years is the prediction of crystal structures. This is an important field in pharmaceuticals where obtaining the correct polymorph of a drug can be essential. Much of this work is concerned with organic molecules and not covered here, but some recent work on methods is notable. Lonie have written a program, XTALOPT, under GNU public licence for crystal structure 95 prediction. Cai et al 16 discuss an improved model for creating computer models of amorphous solids using reverse Monte Carlo with the invariant environment refinement technique. Fitting partial pair-correlation functions rather then the total correlation improved the results.
Games consoles employ sophisticated high resolution graphics. To manipulate 100 these efficiently they use highly parallel graphics-processing units (GPUs). GPUs also provide an efficient way to process large blocks of data in parallel and computational programs are now being written to take advantage of this ability. For example, Maintz et al 17 have proposed using graphics-processing units to speed up DFT calculations and have written a modification for VASP using this approach.
105
In DFT calculations, choice of functional can be an important factor in obtaining useful results. For example, LDA calculations are known to underestimate the band gap and can falsely predict solids to be metallic. A number of studies have compared pure DFT functionals with GGA + U and/or hybrid functionals. The concensus appears to be that + U or hybrid methods reproduce properties better than pure DFT 110 functionals. This is especially true of strongly correlated systems, in particular compounds of transition metals. Amongst hybrid functionals, B3LYP often gives the best result. De La Pierre et al 18 125 screening the HF exchange using the Yukawa potential 23 . Compared to PBE0, the results with the screened potential YS-PBE0 were better for small band gap solids but worse for large band gap solids. This group also put forward an optimal; GGA functional for molecules and solids 24 and consider the merits and limits of the modified Becke-Johnson, mBJ 25 , exchange potential 26 . 130 Grimme et al 27 discuss the effect of damping functions on calculations using DFT-D.
Having performed a DFT calculation, it is often important to analyse the results to obtain properties for comparison with experiment or gain insight into the reasons for a particular electronic or geometric structure. Yu et al 28 44 use the screened exchange hybrid functional HSE06 to look at the effect of C-and N-doping on the electronic structure of NiO. Zhukov et al 45 have used a plane wave method to study the effect of doping anatase with N and either V or Na. They find impurity levels in the band gap but note that an increase in optical 175 absorption only occurs above 3eV. Velikokhatnyi and Kumta 46 have used VASP and the GGA DFT method to study the effect of fluorine-doping of SnO 2 and find an increase in the density of electronic states at the Fermi level with increase in fluoride concentration. It should be noted however that the calculations were pure DFT without an added U and as such overestimated the band gap. Allen et al 47 find 180 that in order to describe the structure of SnO correctly they need to include van der Waals corrections, based on an ionic model, in their DFT calculations, PBE-vdW. In SnO there is a lone pair on Sn which affects the geometry giving a layer structure. This method should be of use for other layered structures. Nazir et al 48 use the PLAPW method to study BaCoO 2 . They find that with an LSDA functional a 185 ferromagnetic semimetallic state is predicted to have the lowest enegy but with the addition of a +U term, the ground state is semiconducting and antiferromagnetic. The antiferromagnetic ordering chosen is that in which successive layers of Co ions have opposite spins.
Iron oxides and hydroxides are ubiquitous and much-studied, but still present
This journal is © The Royal Society of Chemistry [year] problems for the computational chemist. Guo and Hubbard 11 used DFT + U in both a plane wave (VASP) and a locally confined atomic orbital (SIESTA) representation to study α-and γ-Fe 2 O 3 , α-and γ-FeOOH and Fe 3 O 4 . They find both approaches predict the correct energy ordering and magnetic states, but prefer the plane wave method for producing a phase diagram. Demichelis et al 12 have published a review of work on alumimnium hydroxides over the last five years. Using the all-electron code CRYSTAL09, they show that hybrid DFT calculations using B3LYP can be used to investigate the relative 205 energies and vibrational spectra of the known hydroxides, AlOOH and Al(OH) 3 . After allowance for broadening of the vibrational peaks (particularly the OH stretch) in the experimental spectra, the calculated patterns of peaks are a reasonable fit. Location of the H atoms is a problem for XRD studies here, as in the iron hydroxides, and calculation can provide a suggested lowest energy position for H. 210 The calculated structures of doyleite and nordstrandite are given in Figure 2 . Ferreira et al 48 used DFT calculations to compare two possible structures of γ-Al 2 O 3 and conclude the spinel-type structure is more favourably energetically.
Corno et al 50 look at hydrogen substitution by fluorine in LiBH 4 as a possible hydrogen storage material but find that their calculations predict a separation of F 215 and H such that F ions prefer to substitute on the same ion rather than disperse through the solid. Zavorotynska et al 51 and magnetism of chromium halides. They find that a +U term is necessary to correctly predict magnetic ordering in CrCl 3 . Singh et al 54 used GGA to study elastic properties of thallium halides, TlCl and TlBr.
Chalcogenides
Calculations on chalcogenides are becoming more popular, perhaps because of 225 increased computer power and/or because of the discovery of chalcogenide superconductors. Ben Nasr et al 55 have studied the electronic structure and optical
This journal is © The Royal Society of Chemistry [year] properties of Sb 2 S 3 using GGA. Romero et al 56 
Superconductors and multiferroics
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This journal is © The Royal Society of Chemistry [year] Iron-based high T c superconductors have again been of much interest, the mechanism of superconductivity being still a matter of debate. Sefat has been investigated using GGA and GGA + U by Li et al 117 . They find that the solid contains two types of manganese ions with slightly different charges but with a large difference in the minority e g occupancy. This charge ordering leads to partial ferrroelectric polarisation.
Applications to fuel cells, batteries
360
Solid oxide fuel cells continue to attract much interest. Properties of actual or potential electrode and electrolyte materials are investigated. Computation can also offer insights into the mechanism of ionic conduction, a field that has for some time been the focus of Islam's group. In 2011 this group published studies on a number of systems. A combination of 17 O MAS NMR and DFT modelling was used to explore 365 the diffusion of oxide ions through La 8 Y 2 Ge 6 O 27 , an oxide ion conductor and possible electrolyte for solid oxide fuel cells 118 . A novel substitution-mediated mechanism is proposed. DFT was used in conjunction with diffraction to study Li
119 . Paths for Li ion diffusion in LiFeSO 4 F were studied using atomistic simulations 120 . This paper also considers NaFeSO 4 F and finds that 370 whereas Li ion diffusion is three-dimensional, Na ion diffusion is only onedimensional. 
Zeolites
Zeolites were the great triumph for molecular mechanics, but these days the majority of calculations use DFT or MM/DFT methods. The papers quoted here generally use periodic calculations of the zeolite. However there are a large number of papers 400 where the interaction of molecules with zeolites are studied using a representative cluster for the zeolite. The mechanisms of absorption, desorption and catalysis within zeolites are particularly popular. Reyniers' group have used a QM/MM method based on combining MP2, hybrid DFT and interatomic potential calculations with statistical thermodynamics to study n-alkanes 133 and linear alkenes 134 in H-FAU, H-BEA, H-MOR and H-ZSM-5. In both cases, the adsorption strength increases in the order H-FAU< H-BEA < H-MOR < H-ZSM-5 and varies linearly with the number of carbon atoms. 2-alkenes are 410 found to adsorb more strongly than 1-alkenes Garcia-Perez et al 135 have used a Monte Carlo method with the alkanes modelled using a united atom approach to study the absorption of ethane, propane and mixtures on the external surface of silicalite-1. They conclude that the absorption is ideal and that excess absorption on zeolite surfaces depends on the cut as well as the orientation of the zeolite crystal. Goltl and Hafner 136 have looked at alkane absorption in Na-exchanged chabazite comparing DFT (GGA), two variants of DFT-D (one due to Grimme 8 and one with a van der Waals exchange-correlation functional 137 ) and a random phase approximation method (RPA). The most accurate description is found at the RPA level with HF exchange energies. 420 ZSM-5 is a high Si:Al ratio zeolite used in a number of catalytic processes. Zazza et al 138 using DFT and molecular mechanics. Li et al 143 studied the direct oxidation of benzene to phenol with N 2 O on extra-framework Fe in ZSM-5 using DFT with the functional PBE and an additional Lennard-Jones potential to allow for van der Waals interaction. They identify a preferred catalytic pathway using Fe 2+ at two particular sites in 6-rings. 440 Potassium loaded zeolite A is ferromagnetic despite being composed of nonmagnetic elemnets. Nohara et al 144 model this system by constructing Wannier functions for the potasium electrons which turn out to be superatomic orbitals in the host cage.
Pinto et al 145 use DFT calculations to show that the presence of water in the pores 445 of ETS-4 promotes adsorption of NO at pentacoordinated Ti 4+ framework ions.
Biological and Geological Applications
The equilibria involved in the formation of the various polymorphs of calcium carbonate and the reaction of acid with carbonate are important both for biomineralisation and the geological carbon cycle. Gale et al 1 report a reactive force 450 field to model speciation in the aqueous-calcium carbonate system (see highlight).
The two most frequently-occurring surfaces of natural calcium carbonate are stepped surfaces. Aquilano et al 146 use interatomic potential calculations to obtain the surface energy and attachment energy of these and two flat surfaces and consider the attachment of L-alanine to calcite surfaces. They conclude that the explanation 455 of the enantiospecificity of adsorption lies in the compatibility between the substrate and the polar properties of the adsorbed layer. Bakri and Zaoui 147 used DFT to study the structure of dolomite under high pressure and predict a phase change with increasing pressure to first a calcite III-like structure and then to an aragonite II-like structure. 460 Pan et al 148 pressure thermal expansion of beryl. Vigneresse et al 150 describe the chemical character of magmas in terms of hard-soft acids-bases. The parameters used for this are electronegativity, hardness, electrophilicity and polarisability. DFT calculations 465 are used to provide some of these parameters. The description provides insights into the affinity of elements for different phases during igneous activity. Saha et al 151 
